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Abstract

The case studies in this article demonstrate how
4 middle grade teachers addressed the chal-
lenges and dilemmas of enacting project-based
science in their classrooms. The teachers at-
tempted to enact several common features of
project-based science, including student collab-
oration and ownership and the use of technol-
ogy. The 4 teachers faced dilemmas with respect
to balancing their use of time and content cov-
erage with granting students autonomy. They
also needed to solve the problems of addressing
their district’s curriculum while engaging their
students in project-based science and of main-
taining order as they attempted this new ap-
proach to teaching science. Project-based science
was presented as a way to think about innovative
instruction by providing a possible means of en-
actment and not a method. We found that the
potential of project-based science could be real-
ized through teachers’ collaborative work with
peers, enacting projects in their classrooms, and
reflecting on their enactments. We also found that
teachers’ understanding took the form of practi-
cal, not theoretical or propositional, knowledge.

Our goal in describing the case studies in
this article is to demonstrate how four
teachers addressed the challenges and di-
lemmas of enacting project-based science in
their classrooms. These case studies provide
examples of teacher learning that can be
used to construct a base for dissemination
of innovative programs. The challenges and
dilemmas the teachers faced arose from the
need to teach in a manner consistent with
the constructivist theory underlying proj-
ect-based instruction. This theory includes
four essential premises. Students
(a) construct multiple representations of
their understanding; (b) work on authentic,
contextualized problems that are meaning-
ful and complex; (c) collaborate in a com-
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munity of learners; and (d) use cognitive
tools to construct and represent knowledge.
Features of project-based instruction that
embody these premises include (1) a ““driv-
ing question” encompassing worthwhile
content that is anchored in a real-world
problem; (2) investigations and artifacts
that allow students to learn concepts, apply
information, and represent knowledge in a
variety of ways; (3) collaboration among
students, teachers, and others in the com-
munity so that participants can learn from
one another; and (4) use of cognitive tools
that help learners represent ideas by using
technology such as microcomputer-based
laboratories, graphing software, hyperme-
dia, and telecommunications.

These features pose challenges for
teachers (see Krajcik, Blumenfeld, Marx, &
Soloway, 1994, in this issue). For example,
how can the teacher focus instruction on a
driving question rather than on several spe-
cific topics? How does the teacher help
students design, conduct, analyze, and in-
terpret investigations? Each feature of proj-
ect-based science creates several challenges,
as well as the overarching challenge of or-
chestrating the various features of project-
based science. The ultimate goal for teach-
ers is to confront these challenges in a way
that is consistent with a range of practices
congruent with the theory underlying proj-
ect-based science.

These four cases, along with the more
complete case study reported by Ladewski,
Krajcik, and Harvey (1994, in this issue),
illustrate how the model of teacher change
outlined in Krajcik et al. (1994, in this issue)
operates. The model proposes that three
elements need to be addressed to promote
teacher learning: collaboration, classroom
enactment, and reflection on enactment.
The cases reported in this article document
how these three elements interacted with
the teachers’ knowledge and beliefs and
with factors in their schools and districts—
such as curriculum guidelines and re-
sources—to affect change.
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We use Richardson’s (1990) concept of
“warranted practice” to help interpret these
cases. That is, we looked not only for
changes in what teachers did in their class-
rooms and in their knowledge and beliefs
about teaching but also for relations among
knowledge, beliefs, and practice. The ca-
pability to describe these relations suggests
that teachers not only can work produc-
tively with students and be conversant with
important theoretical constructs but also
can link actions clearly to their conceptual
foundations; that is, they can provide war-
rants for their practices.

The Cases

The four cases presented here were selected
from the work of the 11 teachers partici-
pating in our project, by using four paired
criteria. First, we selected cases that repre-
sented a range of challenges in order to por-
tray the idiosyncrasies involved in imple-
menting innovations. Second, in contrast to
the first criterion, we also wanted to de-
scribe common problems. A third criterion
was to show how teachers’ experiences sup-
ported the model of teacher change pre-
sented by Krajcik et al. (1994, in this issue).
Finally, we wanted to show the model’s
limitations as the basis for teachers’ learning
about new programs. Although we believe
that this model is widely useful to explain
teacher learning, its application does not
necessarily lead to uniform change for all
teachers. Rather, it is a means for designing
efforts to promote innovation.

The cases of Becky, Dorothy, Bill, and
George follow. These are stories of experi-
enced teachers who volunteered to take
risks in order to enhance their practice.
Common features of project-based science
the teachers attempted to enact included
student collaboration and ownership and
the use of technology. All four teachers
faced dilemmas with respect to balancing
their use of time and content coverage with
granting students autonomy. Orchestrating
the features was also difficult for the teach-
ers. These cases also show how each teacher
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addressed unique aspects of enacting proj-
ect-based science. For example, while one
teacher worked particularly hard at using
the driving question to link activities in
projects, another emphasized designing and
using artifacts. The teachers’ experiences
also show the benefits of information-shar-
ing and support functions of collaboration
with peers and university faculty and staff.
As well, the cases show that the model of
teacher change had different effects on the
four teachers.

Fostering Pupil Collaboration and
Investigation: Becky

Like many teachers who have numerous
commitments outside the classroom, Becky
initially hesitated when asked to participate
in the project. She eventually was con-
vinced to join by a colleague and by mem-
ories of rewards from previous peer collab-
orations. From her interview responses and
comments she made early in the collabo-
ration, it was clear that her major motiva-
tion for becoming involved in this work was
her eagerness to get students thoughtfully
engaged in learning science by immersing
them in ideas that were meaningful to them
and their lives. This led her to focus on the
project-based science features of student
ownership and collaboration.

Becky is an experienced teacher with a
master’s degree in reading who had taught
middle-school science successfully despite
her limited background in the subject. The
last science course she had taken was in
high school. Becky tightly structured the
content, direction, and pace of lessons. In
her case report, she referred to this struc-
turing as “control”: I am a control person
and usually have my whole unit planned
before I begin.” Becky was well organized;
she planned carefully and was conscien-
tious about meeting obligations.

Becky faced three major challenges dur-
ing the year: (1) How would she promote
collaboration by establishing groups and
norms, sustaining students’ focus on a prob-
lem, and holding students accountable for
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participation? (2) How would she encour-
age students to see a problem as authentic
and to take ownership of it? (3) How would
she help students conduct investigations?

The setting. Becky teaches in a middle
school in a relatively affluent college town
with a population of about 110,000. The
district, serving a predominantly white,
middle-class community (about 25% mi-
nority), has five middle schools with about
800 students each. Becky’s school serves
students from two areas of subsidized hous-
ing and the entire university housing area
for graduate students with families. This
results in a diverse mix of low- and middle-
socioeconomic-status students, many for-
eign students, and many students from sin-
gle-parent families. Within the school,
interdisciplinary teams work with approx-
imately 50 students. In Becky’s team situ-
ation, she also taught social studies to the
same students, so that she had some sched-
uling flexibility to extend class periods
when needed. Class size in this school is
relatively small; Becky’s class consisted of
24 sixth-grade students.

Initial attempts at project-based in-
struction. Instruction during the beginning
of the first science project reflected Becky’s
emphasis on organized teaching along with
her belief in the importance of covering the
prescribed science curriculum. Becky’s ini-
tial attempt at enacting the features of col-
laboration, ownership, and investigation
occurred within her general scheme for
classroom teaching, in which lessons were
carefully constructed, activities designed,
and student roles predetermined. Becky re-
ferred to her need for “control of lessons.”
One way to view Becky’s approach is as a
desire for two types of order (see Doyle,
1986): (a) to create a smooth and predict-
able flow of events and (b) to determine the
content and pace of lessons to ensure cur-
riculum coverage and student learning.

Becky found that having students con-
duct investigations collaboratively threat-
ened classroom order and created a di-
lemma over the extent to which she would
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let the students pursue their investigations
if their work took them away from the es-
tablished curriculum. Fostering investiga-
tions and engaging students collaboratively
are closely related problems; as teachers
work on one feature they inevitably become
entangled in the other. For instance, the
purpose of collaboration is for students to
work together while exploring the driving
question, yet when Becky tried to promote
collaboration, she did not have strategies to
advance collaboration and to keep students
focused on their investigation.

One activity for the class was to write a
letter about their community to send via
telecommunications to students in other
schools in nearby states and across the
country that were on their “research team”
(a research team is composed of a dozen or
more classrooms throughout the country
and world that participate during the same
period on the same Kids Network project).
The purpose of the letter was to focus stu-
dents on the sources of their school’s water
and local characteristics like geography, in-
dustry, and agriculture that might affect the
content and quality of the water. The activ-
ities used to write and communicate the let-
ter were designed to have students use tech-
nology to go “beyond the classroom walls.”

Despite its potential, the letter-writing
activity was not collaborative, and its role
in making sense of the investigations of the
driving question was not emphasized. In-
stead, Becky was concerned with getting
through activities as suggested in the teach-
er’s manual and struggling with time pres-
sures. She began this activity by telling all
students to write their own versions of the
letter, even though they were working in
small groups. A student asked Becky
whether her letter would be sent out. When
Becky said no, the student asked for an ex-
planation, to which Becky replied, “Because
I said so.” Later Becky wrote the letter for
the class and sent it via electronic mail, thus
missing an opportunity to explore impor-
tant content and promote student collabo-
ration and ownership.
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A similar situation occurred during an
investigation in the What’s in Our Water?
project (National Geographic Kids Net-
work, 1991). Here, Becky’s commitment to
cover curriculum in a limited time interfered
with authentic investigations being pursued
to their conclusion. When students were in-
vestigating the effect of chlorine on the
growth of yeast, the class was to complete
three observations 10 minutes apart and
then discuss their findings. The purpose
was to help students understand water
treatment by examining the effects of chlor-
ine on microorganisms. As the class drew
to a close, only two observations had been
completed, and Becky told the students to
clean up. The next day, students did not
discuss what they had seen. Again, Becky’s
need to cover content and move to the next
activity took precedence over having stu-
dents interpret data and consider how re-
sults related to the driving question.

At this point in the science project,
Becky’s teaching reflected a dilemma that
resulted in a growing sense of frustration.
Her agreement to work on project-based
science was based on a strong motivation
to promote thoughtful student learning of
important ideas. She understood that such
learning is best accomplished by fostering
student autonomy and responsibility. Yet
she also believed it was essential to cover
the content specified in the district curric-
ulum. As the first few weeks of project-
based science unfolded, Becky sensed that
she was not yet successful at promoting stu-
dent engagement with scientific ideas and
student responsibility for learning. She had
yet to learn how these could be accom-
plished in project-based science. In her at-
tempts to engage students in activities and
to cover the curriculum, her teaching started
to appear choppy. She had lost the smooth
flow of activities to which she was accus-
tomed. In a sense, Becky, a highly experi-
enced, even expert, teacher, was once more
a novice who suffered the problems and
doubts of the novice.
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In her case report, Becky voiced her frus-
tration at this point. She described her
reaction to the telecommunications letter
discussed previously: “I gathered the infor-
mation and transmitted it myself without
involving students. This is not the way to
do it because it is important to involve the
students from the very beginning for them
to have ownership, that is, believe in their
involvement, but I was just trying to keep
my head above water.” The struggle she
faced between fostering significant science
learning versus getting through the curric-
ulum is evident in another statement writ-
ten in her journal early in the first term: “At
times I was hurrying so fast to keep up . . .
that I was going on to the next lesson even
though the students were still interested in
the last lesson or still had questions about
it or didn’t understand it.”

In early work sessions, Becky thought
that none of her peers was struggling as she
was in enacting a project-based approach
because few teachers at this point were dis-
cussing their problems with the group.
Though some discussed their initial frustra-
tions with the use of technology (a safe dis-
closure because using the computer was so
evidently difficult for most of the teachers),
few alluded to the substantial difficulties
with classroom enactment that finally
emerged during the fifth work session in
late November. Her frustrations, along with
her lack of awareness of others’ difficulties,
combined to make Becky feel incompetent
as a science teacher, a new and unwelcome
change in her professional self-esteem.

When her peers and the university staff
offered information or ideas, Becky used
them without modification. In her case re-
port, she reflected on this: ““This is because
with my personality I find myself trying to
do everything exactly as directed.”” She con-
tributed suggestions for the work sessions
and helped organize the calendar for the
year’s work, but her interactive style was to
listen and occasionally ask clarifying ques-
tions; she even sat apart from the group
many times.
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Becky’s unwillingness or inability to
modify activities to suit her own classroom
setting probably stemmed from two
sources. First, her limited knowledge of the
content led her to view others as content
experts and made it difficult for her to eval-
uate whether activities suggested by those
she viewed as content experts or by the cur-
riculum illustrated key science content. Sec-
ond, she had not yet developed a coherent
vision of how project-based science
worked. By necessity, she had to plan and
enact projects by using her existing knowl-
edge of teaching, which required well-or-
ganized and carefully planned lessons.

A growing realization. As the first unit
progressed, two classroom events, in con-
junction with experiences other teachers de-
scribed during the work sessions, led Becky
to reflect on her teaching and her beliefs.
They made salient the importance of si-
multaneously promoting two features of
project-based science, student ownership
and student investigations. The first event
occurred when student groups grew grass
seeds to test the effects of different concen-
trations of fertilizer on plant growth. The
goal of this investigation was to illustrate
the beneficial effects of nitrate-based fertil-
izers on plant growth and the potentially
harmful effects of nitrate runoff on water
quality. As the seeds sprouted, students be-
came very involved with their plants. Stu-
dents’ increasing involvement paralleled
the growth of the small plants as they
checked and watered them daily. Becky’s
observations of student involvement were
supported at work sessions where other
teachers described similar student reactions
to the experiment.

In the second event, Becky’s students
began receiving E-mail letters from other
classes. Other teachers had discussed at
work sessions their students’ excitement on
receiving such communications. However,
Becky did not see the same excitement in
her own students, perhaps because they
had not played a significant role in writing
the first letter. She stated in her case report,
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“I know that they missed a big piece of this
project by not doing this letter them-
selves. . .. Then the letters from the other
schools began arriving; our students didn't
fully appreciate them because they hadn’t
composed a letter themselves.” Discussing
experiences and reflections with her peers
enabled Becky to examine her own expe-
riences and recognize that her focus on cov-
erage interfered with student ownership of
tasks, which at this stage she defined as fol-
lowing student suggestions and encourag-
ing participation in activities.

Collaboration with peers at project work
sessions not only reinforced Becky’s grow-
ing realization of the need to change her
thinking about teaching and learning; it
provided her with ideas about new ways of
teaching. Becky had not considered chang-
ing the structure of the unit before she
learned of her colleagues’ changes to the
materials and methods. Other teachers’ rev-
elations helped Becky realize she could alter
or use activities out of sequence or even skip
some that did not seem to meet the needs
of her class. “It helped to meet with my
colleagues at the university and hear that
they were skipping parts and doing some
items out of order. I improved at giving my-
self permission to do the same.” In the fol-
lowing excerpt from her case report, Becky
summarized her reflections on the first
semester: ““After hearing discussions at our
U. of M. sessions by other teachers and
finding out that they did not do everything
‘by the book” and after having been com-
pletely through the unit myself, I now can
see how even with a prescribed unit, there
still must be some teacher discretion about
which lessons to alter.”

Providing for more student autonomy as
a way to foster ownership still created con-
flict for Becky. Although she could see that
increased autonomy could lead to more stu-
dent involvement in activities, she needed
to think further about how to reconcile the
inevitable discursions brought on by such
autonomy with her sense of the need for
covering the curriculum. In Richardson’s
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(1990) terms, Becky was beginning to de-
velop a concept of “warranted practice.”
She focused her reflections on the chal-
lenges of increasing collaboration among
her students while maintaining their focus
on the driving question and fostering stu-
dent ownership. “I am beginning to take a
closer look at this, and maybe I will decide
it is better to develop a balance between
planning and flowing with where the stu-
dents take it. This is definitely an area of
personal growth for me.”

Juggling student ownership and col-
laboration. At the beginning of the second-
semester project, Acid Rain (National Geo-
graphic Kids Network, 1989), Becky focused
on encouraging student ideas, promoting
involvement, and assisting students in their
investigations. The events on the first day
of the unit demonstrated that Becky was
shifting from relying entirely on her plans
to incorporating students’ ideas. She con-
tinued to develop strategies to help students
analyze and interpret data and to relate re-
sults of investigations to the driving ques-
tion. When she introduced the project,
Becky began by asking students what they
knew about the topic and what questions
they had. During the discussion, one stu-
dent suggested an idea that Becky knew
was incorrect. Nevertheless, she added the
idea to the chart about acid rain that she
was creating, because she thought it was
important to include all student responses
as a way to foster ownership. Similarly,
when students raised questions that ad-
dressed areas of the content that Becky did
not know, she felt that she had to honor
their contributions, even though doing so
distressed her. In her case report, Becky
wrote about the significance of students de-
termining the questions that would be the
basis for their own learning: “I believe that
the question should be, that they should
own them. That they should be things that
they really wanted to learn. I wanted to be
safe, so that they didn’t ask any questions
that I didn’t know the answer to and . . . [it]
kind of worried me that we were getting
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into something that I didn’t know anything
about, but I also wanted the questions to be
theirs.”

Becky also demonstrated her changing
vision of project-based science by giving
students more opportunity to shape their
own investigations. For a more individual-
ized project artifact, she encouraged stu-
dents to explore their own questions about
acid rain by working alone or in pairs. Some
students devised a way to test the pH of a
solution; others gathered additional infor-
mation about acid rain from organizations
such as the Environmental Protection
Agency. One student took a more activist
role, circulating a petition in his neighbor-
hood to halt the construction of what he be-
lieved would be an acid-producing factory.

Becky’s changing approach to teaching
is exemplified by an investigation, an ex-
ploration of the effects of rain of various pH
on the growth of bean plants, that she and
the class conducted early in the second unit.
This investigation became a vehicle for stu-
dents to express their ideas and assume re-
sponsibility. The unusual aspect of this ac-
tivity was that students completely
determined the protocol, a major departure
for Becky. She facilitated student discussion
of ideas about the procedures and required
students to explain their suggestions. Stu-
dents’ involvement and autonomy were
much higher in this activity than during the
first project, when students were given
sheets with the steps in the investigation
written out and were assigned specific tasks
to complete. In contrast, in the bean seed
investigation, students designed and then
conducted the procedures and debated
what the variables and controls should have
been.

The idea for the bean plant investigation
came from the second work session early in
the second semester at which one of the
university collaborators modeled how to
encourage students to collaborate. At the
work session, teachers worked in small
groups to investigate how acid rain affects
the environment. For an hour and a half,
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teachers designed and began the investi-
gation. As she had done in the first unit,
Becky used science activities she learned at
a work session in her own classes. In con-
trast to her approach in the first unit, when
she applied activities without changing
them, Becky now adapted the activity to the
skill and interests of her students. Knowing
that her students were interested in living
things, Becky suggested that students focus
on the growth of bean seeds. Rather than
requiring each group to design an entire in-
vestigation, Becky had the whole class de-
velop the protocol and rationale for the ex-
periment. However, she concluded the
design phase with a vote, so that all student
groups would follow the same protocol.
Conclusion. After two semesters of
work, Becky still found it difficult to pro-
mote student ownership. She attempted to
do this by providing opportunities for stu-
dents to assume more control of the direc-
tion and responsibility of learning. Her con-
ception of student ownership and strategies
for achieving it was still evolving. Becky
had not yet developed strategies for pro-
moting ownership in a manner that related
student questions and concerns to the driv-
ing question. Moreover, as her case report
reveals, she had not yet resolved a basic
dilemma: “One has to struggle to not let
their preset deadlines and guidelines drive
the curriculum and remember to provide
the students an opportunity to have own-
ership of the project and give importance to
their questions.” Nevertheless, through col-
laboration with peers, reflection on video-
tapes of her classroom, and in her case re-
port, Becky’s views of the possibilities of
project-based science grew; her beliefs
underwent considerable transformation;
and her instruction, especially with respect
to student involvement, moved in the di-
rection of practices congruent with the
premises of project-based science.

Using the Driving Question with

Collaboration: Dorothy

For Dorothy, the prospect of learning
new approaches to instruction was exciting.
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The uncertainty and insecurity of using un-
familiar instructional strategies were out-
weighed by her desire to see students
improve as learners. Her interest in empow-
ering students as learners convinced her to
face the challenges she saw as inherent in
this program. According to Dorothy, “This
was a chance for my students to learn how
real scientists work . .. to learn that there
doesn’t always have to be one right answer.
Sometimes investigations can just lead to
more questions. Students could broaden
their horizons by communicating with peo-
ple outside of their normal range of expe-
rience.”

Dorothy had been involved in instruc-
tional innovation for a number of years
prior to joining the project-based science ef-
fort. The previous year she had begun a
new and fairly rigorous engineering pro-
gram with one of her seventh-grade classes.
This was in addition to a preengineering
program, involving an in-depth study of
motion, that she was already teaching to her
fifth graders. She was excited at the pros-
pect of introducing project-based instruc-
tion to her sixth graders.

Although she was an elementary sci-
ence-education specialist, Dorothy knew
little about project-based science and topics
related to water. However, she had expe-
rience with hands-on science and readily
agreed to participate in the program. She
was familiar with conceptions of teaching
that incorporate significant student involve-
ment, but she was not familiar with the
project-based science concept of the driving
question as a means for linking student ac-
tivities and investigations to important sci-
ence content. She felt uneasy at the prospect
of mastering an unfamiliar computer system
and worried about using only one computer
for 30 students. However, she understood
that she and the other teachers could expect
considerable support from the university
staff with the computers and other materials
and information needed to implement the
two projects.
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Dorothy’s concerns became evident at
one of the first work sessions, when the
teachers viewed a videotape to acquaint
them with project-based science. The video
showed some students in small-group dis-
cussion, other students using computers,
and still others working on experiments.
Each group appeared to be working inde-
pendently. The teachers in the video ap-
peared at ease with the variety of activities
occurring around them. Dorothy was ac-
customed to working with groups but only
when all were doing the same activity. Her
first impression of the video was that she
had taken on a daunting task at which she
might not succeed. As she watched the
video and considered what she had learned
so far about project-based science, she iden-
tified three areas of concern: (1) How would
she promote collaboration by establishing
groups and norms, sustain focus on the
problem, and hold students accountable for
participation? (2) How would she develop
proficiency in the use of the technology and
help students use the technology for inves-
tigation, collaboration, and artifact devel-
opment? (3) How would she develop the
driving question so that it involved signif-
icant science content?

The setting. Dorothy had taught science
for 13 years at a K-7 elementary school in
Detroit. The school serves a working-class
community in suburban Detroit and has a
minority enrollment of approximately
25%-30%. Dorothy had worked on the re-
vision of the state objectives in elementary
school science and had given many presen-
tations at local, state, and regional meetings
of professional associations. She had also
supervised workshops for her district, dem-
onstrating programs for integrating math
and science with hands-on activities. Al-
though Dorothy currently taught science to
fifth-, sixth-, and seventh-grade classes, she
had also taught science to younger students
in the school. As a result, most students in
her current sixth-grade class had been in
Dorothy’s science classes previously.
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Initial attempts at project-based in-
struction. As Dorothy began to think about
how she would enact project-based science,
she focused on developing strategies for
promoting student collaboration. Although
her students had worked in groups, the
groups always worked on the same task,
and movement around the room was lim-
ited. She was uncomfortable with students
engaging in different tasks at the same time
and with the possibility that they might not
learn the content she thought was impor-
tant. As she stated in her case report, “I had
never worked [with] groups where different
students were doing different things all at
the same time. I didn’t think I would be able
to do that. How could you possibly monitor
the students effectively? I couldn’t see how
we would have time for all of this indivi-
dualized study.” Adding to these concerns
was the fact that she only had students for
three 50-minute periods a week, limiting
her ability to carry activities over to another
day.

Dorothy wanted to make sure that her
students would engage thoughtfully in sci-
ence activities and that they would all have
opportunities to learn. She understood early
that sustaining students’ involvement while
providing them with opportunities for col-
laboration would be difficult. From her pre-
vious experience with small groups, she
knew that the students might disengage
when the work became difficult or when
tasks were ambiguous. Thus, Dorothy be-
gan her work on project-based science with
a knowledge of some of the serious impe-
diments to enactment. In Dorothy’s early
attempts to have students collaborate, she
made two important discoveries. First, she
discovered that students had many inter-
esting questions about the natural and so-
cial world that were applicable to science
teaching and learning. This discovery sus-
tained her interest in the current innova-
tion. But the second discovery created a par-
adox for her. She found that some of her
teaching had led to student knowledge that
was inert—knowledge that did not enable
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students to use their understanding to de-
velop an investigation. This was a sobering
realization for Dorothy that could have dis-
couraged her from using project-based sci-
ence.

This paradox emerged when, following
a suggestion in the teacher’s guide, Dorothy
introduced What’s in Our Water? by asking
students to list the uses of water in order of
importance. The resulting lists were all sim-
ilar and failed to stimulate thoughtful class-
room exchange. To promote a more
thoughtful discussion, Dorothy asked stu-
dents to consider the effects of drought on
water usage. Working in small groups, stu-
dents were to discuss this issue and revise
their lists. However, Dorothy was disap-
pointed in the lack of enthusiasm and crit-
ical thinking. She found that there was
“very little exchange of ideas or examples
of independent thought. Some students
didn't participate at all in the discussion or
even in writing. They either stared off into
space or had their own unrelated conver-
sations. Later, as each group presented their
lists, the presentations became shorter and
shorter. Students seemed to feel that the
‘right answers’ had already been given and
there wasn’t anything else to say.”

Dorothy did not know at this point how
to overcome students’ limitations. As she
thought about the outcome of this activity,
she realized that students “didn’t seem to
know how to discuss or share ideas. They
just accepted whatever the most outspoken
students said and agreed with them.” She
realized that, although students were ex-
cited about the project, they were most in-
trigued by the prospect of using the com-
puter. She also realized that the students
were not prepared to find solutions to the
problem of water pollution—that, in fact,
they did not believe a problem existed.
They were unconcerned because they
thought all pollutants were filtered from
their drinking water.

Because Dorothy was committed to fos-
tering student thoughtfulness and to teach-
ing important science content, she viewed
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this as an opportunity to change her instruc-
tion instead of excusing inaction. She also
realized that the features of project-based
science, such as collaboration and the driv-
ing question, were closely intertwined. She
saw that, when students began to collabo-
rate, they lost sight of the importance of the
driving question and did not yet know how
to go beyond easy responses to significant
questions.

In response to the double challenge of
enacting collaboration and linking students’
work to the driving question, Dorothy re-
thought her strategy for engaging students
in thinking about content. In her own
words, she decided to “take my cue from
my students.”” Because the students seemed
convinced that filtration was the answer to
the water pollution problem, Dorothy de-
cided to tell them a story about how the
Detroit River became polluted. As she did,
she dramatized the pollution of the river by
adding “pollutants” such as wood chips,
food coloring, and oil to a container of clear
water. Each student group then set up a
filtration system by using a funnel, gravel,
and some cotton and filtered a sample of
the polluted water. As the students per-
formed this task they discovered that the
food coloring and some of the oil passed
through their filter. The students became
concerned about what might be in the water
they drink. Dorothy’s triumphant reply was
“that’'s what we want to find out in this
project.” Thus, although Dorothy’s intro-
duction to project-based science came from
“the university staff, the prepared curricu-
lum, and from the other teachers on the
team,” she thought that both she and her
students “gained the most valuable infor-
mation about project-based science by
doing project-based science.”

Refining enactments. As Dorothy
moved to the next project, Acid Rain, she
found that her hard work and her students’
efforts during the first unit had produced
gratifying results. Bringing the driving ques-
tion into each day’s lesson and linking it to
activities and investigations had now be-
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come ““almost second nature” to Dorothy.
The students had become so accomplished
at researching prior information that they
were applying concepts they had learned in
the previous unit to explain new informa-
tion and develop new concepts in the acid
rain unit. For her this was a startling result,
considering that “‘some of these same stu-
dents couldn’t remember what we did from
one day to the next when we started proj-
ect-based science in the fall.”

Another benefit of project-based science
was evident as the students began their re-
search of the new problem area. When the
class had begun the water unit, the students
had required considerable assistance and
direction in using resource materials. As the
students began research related to their
study of acid rain, they demonstrated a new
ease in their use of the various resources
available in their classroom (e.g., books,
magazines, and each other) and often asked
to go to other classrooms to obtain addi-
tional references. Students brought news-
paper and magazine articles from home that
contained information pertinent to their in-
vestigations, and some went to the public
library. One student found a lengthy news-
paper article that discussed the effects of
water pollution on different species in the
food chain. His presenting this information
to the class prompted a detailed and ani-
mated discussion of how microorganisms
were exposed to pollution and what other
species could be affected as a result. In an-
other instance, student teams had been for-
mally debating the effects of water pollu-
tion. Although the debate officially ended
on Friday, the following Monday one stu-
dent came to class with several pages of
information he had gathered from reference
books at the public library in support of his
team'’s position. He was given the oppor-
tunity to summarize his findings and pass
around his folder containing the informa-
tion he had written.

As Dorothy pointed out, this kind of in-
dependence and productivity “did not hap-
pen overnight.” It required considerable di-
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rection and intervention on her part during
the first project. But as the Acid Rain project
progressed, she found the students becom-
ing increasingly independent and taking
more active roles in their learning, both in-
dividually and as groups.

Dorothy could also see growth in her
students’ ability to collaborate. She saw
greater participation in both the small-
group discussions and decision making,
during which “even some of the slowest
students contributed.” As students became
more responsible for their own learning,
group work resulted in better comprehen-
sion of science. Students more often applied
information learned from earlier discus-
sions to explain data they collected in sub-
sequent investigations. As a result of her
students’ increased facility with resource
materials and collaboration, Dorothy found
that she spent less time directing and mon-
itoring these activities.

Conclusion. Dorothy understood early
in the year that she would need to focus on
having students work collaboratively. She
entered this effort with beliefs and experi-
ences that were consistent with the prem-
ises of project-based science, yet she ap-
proached her teaching with a focus on order
that did not allow students to become au-
tonomous learners. Through her early en-
actments, it became clear to her that student
collaboration would have to focus on the
driving question. To accomplish this, she
developed strategies that supported stu-
dents’ efforts. When a student came to class
with an interesting and well-researched is-
sue to present to the class, she incorporated
the idea into the day’s activities. Thus, she
not only honored the student’s ideas, she
helped other students see the value of in-
dependence and the need to think through
questions systematically and thoroughly.

Dorothy also acknowledged the value of
peer collaboration and discussion. The op-
portunity to meet with other teachers to dis-
cuss the ramifications of this new approach
to science instruction allowed Dorothy to
become more comfortable working with
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this program. As the first year progressed,
she continued to benefit from this support
from other teachers that helped her resolve
problems in the course of the units.

Barriers between Beliefs and

Practices: Bill

Bill began the collaboration with a solid
knowledge of project-based science. He had
participated in several efforts at teaching
project curricula sponsored by other edu-
cation agencies and was viewed by teachers
and principals in his district as an expert on
projects. He had tutored others in this ap-
proach and in using the technology. During
the first year of our work, Bill field-tested
several projects for the Technical Education
Research Center. He frequently discussed
his experiences during collaborative work
sessions, was quite articulate about prem-
ises underlying the approach, and eagerly
offered suggestions for implementation.

Bill’s interest in participating in our proj-
ect was primarily related to his long-stand-
ing reputation as an instructional innovator;
he wanted to advance his competence as a
teacher of project-based science. Specifi-
cally, he wanted to learn how he could se-
lect artifacts that were both rich and feasible
so that students could develop meaningful
understandings and how he could use these
artifacts to assess student learning. He also
wanted to learn how to help students use
technology for investigation, collaboration,
and artifact development.

Addressing these challenges required
Bill to reflect on his approaches to using
technology and artifacts. The difference be-
tween our project and previous ones in
which he had participated was that ours in-
volved an attempt to develop a range of
congruent practices consistent with con-
structivist theory, using two National Geo-
graphic Society curricula as a point of de-
parture for learning how to teach projects.
Bill had previously learned to use a pre-
pared project-based curriculum and to im-
plement it as specified. In addition, personal
and school context factors made his use of
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technology and artifacts more conventional
than is consistent with project-based sci-
ence.

The setting. Bill worked in a middle
school in a relatively affluent suburb of De-
troit that served neighborhoods less
wealthy than the surrounding community.
The school had many resources available to
the teachers and students, such as a well-
equipped computer lab and money for fre-
quent field trips. The community had high
expectations for its schools and placed pres-
sure on teachers and administrators to pro-
vide quality up-to-date programs, to be ac-
countable to parental demands, and to
produce high achievement test scores.

Bill had over 20 years of science and
math teaching experience in grades 5-8, al-
though his academic background was not
in science. During the study year, he taught
classes in all of the middle grades. There
were 22 students in his sixth-grade class,
half boys and half girls, which met for a 2-
hour math/science block. Bill sometimes
used both hours for science. Because of his
complex teaching schedule and the lack of
space, Bill’s classes met in different rooms
throughout the school. During the first term
his class often met in the computer center,
where there were many Apple Ile and Ilgs
computers. This arrangement changed dur-
ing the second term; computer resources in
the classroom where he taught were more
limited. Bill taught the Acid Rain project two
or three times a week for 1 class hour during
the second term. For the other hour, he
taught math. On the days he did not teach
the Acid Rain project for science, he taught
a chapter on weather from the sixth-grade
science book.

Facing the difficulties of using tech-
nology. Unlike several of the other teachers,
who had to develop their own computer
skills and learn how to use the technology
with students, Bill was both skilled in using
telecommunications and had a clear con-
ception of how telecommunications could
foster student collaboration, investigations,
and artifact development. During work ses-
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sions he was vocal about technology, ex-
plaining its use and purposes to the other
teachers. Nevertheless, Bill's practice did
not match his conceptions. Sometimes, stu-
dents used the computers to write sum-
maries of what they had done in class, or
they used software to locate their research
team schools on a map. However, Bill did
not allow students to use the computer for
E-mail; instead, he sent and received cor-
respondence over the network. For exam-
ple, at the beginning of the first project, stu-
dents were to develop a letter about their
school and community and send it to the
other classes on the research team. The pur-
pose was to gather and exchange infor-
mation about factors that might influence
water content and quality. Bill organized
the class into small groups, which were to
write a paragraph about one piece of infor-
mation needed for the letter. The class did
not discuss their information, nor did they
use the technology. Later, Bill composed the
letter by using students’ paragraphs and
transmitted them via E-mail. When other
classes sent their return letters and later re-
ported data from their investigations, Bill
opened the mail and retrieved and printed
the letters. Moreover, he did all the tele-
communication outside of class so that stu-
dents did not even observe the process. As
a result, receiving the data from other
schools did not engender the same type of
excitement other teachers reported. In most
of those rooms, students played a bigger
role in the process.

During the second project, Bill’s use of
technology changed little. In addition, stu-
dents had even less access to the computers
because of the room change. The four com-
puters available were prone to frequent
problems so that students used software
packages less than they had the term before.
Again, Bill did the telecommunications out-
side of class so as not to use up time.

Struggling to use artifacts. The main
artifact in Bill’s class was an elaborate note-
book that represented what students had
accomplished. The notebooks were loose-
leaf binders divided into sections containing
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activity sheets from the curriculum and a
daily journal, which also included written
or other products that the students had de-
veloped. Students decorated their covers,
taking great pride in their artwork. The
notebooks were similar for all students, al-
though they did differ in that the journal
section included individual and small-
group ideas, predictions, questions, and
analyses. Typically, Bill used the notebooks
for recording information generated during
class activities. For example, students cop-
ied the names and global addresses of the
research team into the notebooks.

By having students record a wide variety
of information and ideas, Bill ensured that
the notebooks were a complete record of
what was done in class for the project.
Often, however, the students and Bill never
referred to the information again. The class
did use a chart of rain pH later in the project
to attempt to discover a pattern in the data
about when and where rain was more
acidic. They also used global addresses to
locate the research team schools on maps.
However, as the project progressed, stu-
dents never revisited their list of activities
contributing to acid rain, nor did they use
the description and illustration of the acid
rain cycle again. Predictions and opinions
also were not reexamined. Bill did not have
students share, revise, or critique their ar-
tifacts, and he rarely used artifacts for link-
ing lessons. Thus, the notebook contents
were not used to integrate information in
order to address the driving question or to
have students represent their knowledge in
a variety of ways.

Moreover, Bill stressed neatness, com-
pleteness, and organization as the basis for
grades. He was uncertain how to assess stu-
dent understanding from the notebooks. Al-
though he recognized the need to develop
other means of assessing learning, he fo-
cused on having students add material to
the notebooks rather than rethinking his
fundamental approach to the notebook as
an assessment device.
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Impediments to teacher learning. On
several occasions Bill discussed the collab-
orative benefits of telecommunications, and
he was quite proud of his students’ note-
books. Why did he not take advantage of
the opportunities afforded by project-based
science, of which he was clearly aware? One
reason may be that he faced the dilemmas
other teachers faced: balancing curriculum
coverage with providing student autonomy
and struggling to accomplish as much as
possible under constraints of time. Bill ac-
tually had more time and resources than
many of the other teachers. He taught the
same students for two consecutive class pe-
riods and, at least for the first term, had
enough computers for students. Other
school context factors, however, contrib-
uted to his dilemma.

One problem for Bill was that he ap-
proached project instruction separately
from the regular science curriculum. He
mentioned several times that, in his district,
parents put considerable pressure on the
school to prepare students for statewide and
other standardized tests and that they were
concerned with seeing traditional evidence
of student learning. Because project-based
instruction may involve activities tangential
to the endorsed curriculum, parents might
feel that their children were not learning.
Indeed, Bill said that he had received calls
from parents with such concerns.

Second, teachers in subsequent grades
expected students to have been exposed to
particular content and complained about
teachers who failed to cover the textbook.
Bill pointed out that not covering the ex-
pected curriculum put students at a disad-
vantage in their subsequent classes. He
mentioned on several occasions during the
first year that, although he liked doing proj-
ect-based science, he was sensitive to these
pressures from the school and parents.

In addition to his teaching context, per-
sonal factors, preferences, beliefs about
teaching and learning, and knowledge
probably contributed to the discrepancy be-
tween conceptions and practice. Like sev-
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eral of the other teachers, Bill valued order.
He was a neat and organized person who
liked to know what was happening in his
class. He carefully planned lessons and
closely followed his plans. Bill was con-
cerned with efficiency and with keeping
records of his students” accomplishments.

By the end of the year, Bill recognized
the discrepancy between his stated position
on project-based science and his practice,
but he did not confront it. Instead, he ex-
plained the discrepancy by referring to stu-
dents’ lack of knowledge and inability to
work autonomously. He noted that students
had little experience doing science other
than by using the textbook. Although he
understood the importance of having stu-
dents develop artifacts that fostered
thoughtful learning, he was reluctant to
give students the time and autonomy nec-
essary to construct their knowledge. During
the end-of-year interview, Bill stated:

I think many students have great diffi-
culty assuming the responsibility for
their own learning. . . . One of my major
goals would be to have students assume
responsibility for the learning that they
do in the classroom, but for many stu-
dents that aren’t used to that, that might
be very very difficult for them to achieve.
If you're getting the students in the mid-
dle school and if they have had very,
very little science background in previous
years, if their science is only then some-
thing that takes place in little short snip-
pets of time, is very textbook based, they
might read about something and answer
a few questions about that. The questions
are right there in the textbook, and many
times all they need to do is find the ques-
tions in the textbook and write the ques-
tions, the answers, on a piece of paper.
And to them, perhaps that’s science. I see
that in my own classes. [They do this]
because that’s what they are used to.
That’s what they’ve had in previous
years.

To Bill, this meant that students did not
know how to learn by themselves. At one
point in the second project, he gave stu-
dents more opportunity for autonomy dur-
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ing a collaborative activity. However, he
thought students were unable to work pro-
ductively, and he was reluctant to try this
again. Students’ lack of experience with
self-directed learning troubled Bill. He
thought students did not have the knowl-
edge and skill to persist in the face of dif-
ficulties and consequently would not ben-
efit from increased autonomy to explore
issues. The outcome could be disastrous for
the teacher, for order could completely
break down: “A lot of time we face the real
potential of losing them. You can literally
lose control of your classroom. Not that
they would throw things and be disruptive,
but after a little while if it's too open-ended,
if the students had too much responsibility,
many of them do shut down, and many
middle grade students give up. They don't
become absorbed in the investigation.
They’re not there. If they were, then you
could let loose a little bit.”

Conclusion. These beliefs echo those of
many of the other teachers who struggled
with giving students more autonomy and
more responsibility for using the technol-
ogy, for collaborating, planning investiga-
tions, and building artifacts. The teachers
discussed their frustrations, successes, and
strategies during work sessions in which Bill
participated.

One reason Bill may not have con-
fronted the inconsistencies in his own prac-
tice or used some of his peers’ experiences
to change his own enactment may have
been his prior experience. That is, he came
to this effort considering himself to be rel-
atively expert in project-based science, so it
might have been more difficult for him to
acknowledge his difficulties and act like a
novice among his peers. Also, like Becky,
one possible reason for his practice of not
wavering from the curriculum might be that
it provided security, since he was not likely
to run into unexpected content if he fol-
lowed the teacher’s guide.

Bill’s expertise and his desire to advance
it are in contrast to the initial reasons of
other teachers for joining these efforts.
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None of the other teachers had previous
project-based science experience, and few
were familiar with telecommunications
technology. Their motivation for learning
most often was related to a desire to en-
hance student motivation and learning in
science. In contrast, Bill may already have
come to a conclusion about the merits of
project-based instruction, about how to do
it, as well as its limitations, so that he did
not share his peers’ focus on students’ re-
actions or concern with learning new strat-
egies for enactment. He was aware of the
discrepancy between his beliefs and prac-
tices, citing problems of maintaining order
and of students’ lack of skills for autono-
mous learning. Instead of focusing on strat-
egies for helping students learn to benefit
from increased autonomy and for managing
that in his classroom, however, he focused
on telling others in the project what he al-
ready knew.

Collaboration and Technology: George

At the beginning of his nineteenth year
of teaching, George’s district science coor-
dinator suggested he join our project. He
was reluctant, stating later that “‘basically,
I was talked into it.” He was concerned that
the science projects would take time from
the district curriculum. The year’s first
meeting reassured him; George wrote in his
case report that the content of What’s in Our
Water? and Acid Rain “fits right into the cur-
riculum.”

A second concern was his personal life.
George’s teaching assignment had changed
several times in recent years, and preparing
new material frequently took considerable
effort. He wrote, ““the amount of prepara-
tion and time limits as well as unforeseen
problems could stop most people. It almost
stopped me before I started the program . . .
I was very interested in time involvement.”

Nonetheless, he was looking for new
approaches. So, despite continuing reser-
vations, he decided to participate. George
had little experience in using computers but
wrote in his case report that “I feel that I
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should become more computer literate than
I am because they [students] take classes in
computers at our school. And I feel that . . .
even though I've used computers in the past
... still, I haven't tapped into its whole po-
tential.”” George also faced the challenge of
students working collaboratively. He ac-
knowledged that changing from a teacher-
directed lecture format to using student
groups created some tension, which he de-
scribed as ‘“mental drain.”” Although
George advocated the use of hands-on ac-
tivities, he was concerned about covering
content; that students followed procedures
correctly, got “right answers,” and com-
pleted tasks; and that the classroom was or-
derly and quiet. He commonly had students
read lengthy directions aloud and some-
times distributed two to three worksheets
daily. George had two challenges: (1) how
he would learn to use the technology for
his instruction, as well as for student in-
vestigation, collaboration, and artifact de-
velopment, and (2) how he would promote
collaboration by establishing groups and
norms, sustaining focus on a problem, and
holding students accountable for partici-
pation.

The setting. George taught eighth grade
in a middle school in a working-class com-
munity with a population of about 40,000
in southeastern Michigan. The community
is home to a large state university and sev-
eral automobile plants and is suffering eco-
nomically because of plant closures and re-
lated business loss. The student population
is mixed, with a large percentage of African
Americans. George’s classroom had a per-
manent demonstration table along the front
of the room and counters along one side
and back. His desk was pushed up against
one end of the demonstration table and was
piled high with papers and materials. A
storeroom /office off the classroom was
filled with equipment. Pairs of students sat
in rows facing the front.

Students changed science teachers at the
midyear break. Thus, George taught an en-
tirely new group for the second project. His
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classes ranged from 18 to 24 students. There
were many mainstreamed special education
students in each class (from 25%-35% per
semester), and one of the classes had a spe-
cial education aide who circulated around
the room monitoring the students and pro-
viding assistance.

Initial attempts at project-based in-
struction. George’s first priority was be-
coming comfortable with technology. His
case report reflects apprehension about log-
ging onto the computer network: “I got all
the material together and sat down to go
through the program. I was loaned a com-
puter and found that there were problems
with the hardware working right. I spent
much time trying to get things to go right
while meanwhile watching the deadline
date approaching. I found anxiety starting
to rise. . . . The last thing I wanted was for
the program to flop before it got off the
ground.”

This concern with his competence was
reasonable and reflects one of the difficul-
ties that teachers who are inexperienced
with technology might face in enacting
project-based instruction. If the telecom-
munications did not work—and George
could not predict whether they would—he
would be left in a quandary. A teacher in
such a position is not able to control events.
At least, when teaching in the traditional
manner, George had alternatives ready to
use in case of a breakdown in an activity.

In such a situation, George used familiar
strategies. When he introduced the telecom-
munications software to the class, he started
with a lecture and involved students only
minimally. During the first lesson of the
water project, George asked a student to sit
at the computer at the front of the room.
George presented a brief description of the
hardware and the telecommunications net-
work to the class. (“It is called an electronic
post office. . . . We are sending letters to this
post office . . . so each one will be sending
it in.... We will be picking up our mail
from this postbox.”) George did not explain
how modems functioned or how the letters
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were sent electronically and stored in a
computer.

As George demonstrated the software,
the students watched the large screen. He
pointed to the features of the menu and di-
rected the boy to click the cursor on each
selection. When showing the mapping fea-
tures, one boy asked George whether they
could zoom in on other countries. George
told him that they might do that later, if
time permitted. When George showed the
locations of network schools (Racine, Vir-
ginia Beach, Los Angeles, Honolulu), sev-
eral students appeared more interested.
George ended by saying that students had
to know where their water came from and
that they had to send the information to
other schools on the research team. He fo-
cused on time pressures (“‘we can’t drag our
feet on this”’) but did not indicate the im-
portance of the information or how it would
be used to understand key issues.

In this first lesson, George was clearly
interpreting the demands of project-based
science by using a frame of reference with
which he was familiar. During the first work
session in the fall, the collaborating teachers
were shown the functions of the telecom-
munications software and how to log onto
the network. In addition, they learned how
to assemble the computer, modem, and
printer and how to use a large-screen mon-
itor for whole-class presentations. Teachers
were encouraged to work in collaborative
groups, cycling between several different
work stations. The model presented in the
work session was that of group interaction
and hands-on experiences in using the soft-
ware and the water project activities. This
early work session had little effect on
George’s initial attempts, beyond the con-
tent related to the technology.

At a work session near the end of the
project, teachers discussed how students
could make sense of the team and national
data. They considered strategies for using
collaborative student groups to analyze and
interpret data. Nevertheless, George chose
not to analyze and interpret data with stu-

MAY 1994



dents; he did it himself, using the computer
as an aid. He showed the network data to
the class by using the monitor and an over-
head projector plate and had students enter
the information on worksheets. George told
the students, “We are going to be dealing
with the information of every one of the
schools, every one of the teams. National
Geographic network is sending all that stuff
to us by way of the phone line, and we
should be able to analyze it through the
United States.” The students listened qui-
etly as he commented on the data, identi-
fying trends and illustrating information
from different areas. Thus, although George
had mastered the technology, he had not
yet learned to use it to enhance student
learning. Experiences and strategies dis-
cussed during the work session had limited
effects on his teaching.

George also faced the dilemma of en-
gaging students in collaboration while
maintaining order and covering the curric-
ulum. In the first interview early in October,
George said he would like to arrange his
class into small groups of three or four stu-
dents. In such groups, students would be
involved and could help each other. The
teacher’s role would be as a facilitator, mov-
ing among groups to monitor engagement,
pose questions, and propose or recast prob-
lems for students.

There were three barriers in George’s
mind to achieving this scheme: (1) he
lacked space and equipment; (2) it would be
impossible to cover the curriculum because
“you can’t do it all. When you try to do a
project, accountability is a problem”; and
(3) many of his students ““lack the maturity”
to profit from such an arrangement. None-
theless, George did try to use some small-
group activities throughout the first project.
Indeed, his approach to these activities was
much like he envisioned, except that the
focus was on dividing tasks and completing
the work correctly rather than on students
sharing ideas. George devoted considerable
energy to distributing and managing stu-
dent folders and lab materials. He arranged
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students in groups and moved among them,
monitoring on-task behavior and progress.
The work, however, consisted largely of
completing worksheets or other constrained
tasks. He assigned group members roles
and provided extremely detailed directions,
which sometimes took 15 minutes to pre-
sent to the class. Group members worked
together primarily to understand directions
in order to do experiments correctly. There
was little, if any, discussion among students
about the purpose of the activity, the rea-
sons for procedures, or the meaning of data.

The second project. Between the two
projects, the work session included addi-
tional use of telecommunications. In ad-
dition, several teachers discussed their stu-
dents’ enthusiasm for writing the letters to
the network schools. When George intro-
duced the Acid Rain project during the sec-
ond semester, he decided to make it a ““mul-
timedia event.” I had the computer
hooked to a monitor as well as the telex on
the overhead projector.” In comparison to
the water project, this presentation included
much richer information on the benefits of
technology. He described how modems
work and how signals are transmitted, and
he demonstrated how letters are sent and
picked up. However, despite having heard
from others about student enthusiasm for
writing and transmitting the letters, George
once again sent the data over the network
himself. He also did not discuss how tech-
nology use could contribute to understand-
ing the driving question.

George continued to show students how
technology works but did not involve them
in its workings. He demonstrated an elec-
tronic bulletin board on weather data,
which, although not part of the acid rain
project, was introduced in one of the col-
laborative work sessions in late fall. He used
the software to answer students’ questions
about weather conditions around the coun-
try but did not relate these to issues of acid
rain. Similarly, a few weeks later George
passed out copies of letters that had been
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downloaded previously from the network.
The students plotted the location of the net-
work schools on individual worksheets
rather than using the computer for this pur-
pose.

In the final lesson of the Acid Rain proj-
ect, the computer was at the front of the
classroom, this time linked to two large-
screen monitors rather than one monitor as
in the past. George told students they were
going to go over the international data. The
presentation was more technologically
complex, but George interpreted the data
himself rather than let students grapple
with the issues. He used the electronic map
to highlight California, showed data on Ja-
pan, and retrieved 3 weeks of relatively
consistent pH data.

Moreover, George’s use of collaborative
groups changed little during the second
project. He continued to focus on students
conducting specified procedures with as-
signed roles and finding correct answers.
The essential nature of collaboration—ex-
change of ideas related to the driving ques-
tion—was not achieved.

Conclusion. Over the year, George's
mastery of technology improved consider-
ably; his presentations were smooth and
drew on a variety of software packages.
However, he did not incorporate additional
aspects of technology into projects; he did
not instruct students in its use or grant them
autonomy to use it for learning. His focus
on curriculum coverage, correct procedures
and answers, and order limited his attempts
to promote student collaboration to assign-
ing roles for the purpose of task completion
rather than to promote thoughtful engage-
ment with ideas. When students worked to-
gether, and when he used technology to
create a “multimedia event,” George con-
tinued to maintain control over content by
interpreting data and linking ideas.

Summary and Conclusions from the
Four Case Studies

The four case studies reported in this article
demonstrate the range of practices these
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teachers used as they learned to enact proj-
ect-based science. Each teacher made sense
of the innovation in terms of his/her al-
ready well-established frame for teaching.
In Shulman’s (1987) terms, the teachers’
learning about project-based science could
be characterized as a “’dialectic.” They came
to understand the innovation by moving
back and forth between the new language
and practices and what they already under-
stood about teaching.

Challenges

There were commonalties in the teach-
ers’ approaches to learning about and en-
acting the innovation. Each teacher’s focus
was based on her or his primary reasons for
joining the effort. For some, the reasons
were fostering student motivation to learn
science and enhancing students’ cognitive
engagement with science content. These
teachers were drawn to challenges involv-
ing student ownership of questions and col-
laboration. Their early attempts to develop
student ownership involved fostering stu-
dent autonomy in activities and investiga-
tions and encouraging students to take re-
sponsibility for their learning. Similarly,
teachers saw collaboration among students
as a key to generating students’ involve-
ment in project-based science. High in-
volvement is a sign of motivation, and, as
Prawat (1992) pointed out, many teachers
believe that involvement indicates thought-
fulness. That is, since thoughtfulness
requires involvement, involvement is a
sufficient condition for fostering thought-
fulness.

Moving past their conceptions of collab-
oration as involvement meant that the
teachers had to form views of collaboration
that included more than students sharing
work or dividing responsibilities for con-
ducting predetermined tasks. Collaboration
requires exchanging ideas and negotiating
meaning. It is difficult to help students col-
laborate if teachers believe that the risk of
failure to get the right answer outweighs the
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longer-term benefit of developing coherent
understanding.

The teachers were also motivated to
learn the technology. Computer use in
schools and computer-based telecommu-
nications are popular issues in education,
and it is understandable that teachers want
to be able to use these technologies in their
classrooms. As well, teachers recognize that
many of their students are more knowl-
edgeable and competent at computer use
than they are, and teachers would like to
keep up with their students. Thus, interest
in the challenges associated with technol-
ogy use was evident, particularly in the first
project when the technology was intro-
duced. What was more difficult for these
teachers was to move beyond the use of
technology as an instructional aid to using
it as a cognitive tool, what Salomon, Per-
kins, and Globerson (1991) refer to as “‘part-
ners in cognition.” This more constructive
use of technology was clearly hampered by
limited resources (e.g., few computers, in-
adequate space, and short class periods with
little scheduling flexibility). But, more im-
portant, it may be impossible to help stu-
dents understand the uses of technology as
a cognitive tool if teachers do not use the
technology in such a manner. For three of
these teachers, the technology was rela-
tively new, and, consequently, they did not
yet realize its potential for their own and
students’ learning.

Perhaps one of the most critical chal-
lenges for the teachers was learning to use
the driving question to orchestrate a project.
For many, this idea might have been the
most alien of all, for it is premised on the
notion that students’ construction of un-
derstanding is based on exploring answers
to authentic problems that contain worth-
while science content. Although many
teachers might subscribe to this notion in
the abstract, when it comes to organizing
curriculum around it, problems become ev-
ident. Many teacher questions arise: What
if I don’t cover all of the concepts and facts
in the curriculum? What if students come
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up with questions about topics I know noth-
ing about? How do I maintain order in the
classroom if different groups of students are
working on different investigations? How
do I justify to parents a program that might
not lead to higher achievement test scores?

Developing instruction around driving
questions instead of basing it on the topical
structure of a discipline is indeed a different
idea, as John Dewey found out almost a
century ago. Moreover, it requires teachers
to view the curriculum as a dynamic set of
ideas to be explored rather than a fixed set
of ideas to be transmitted. Researchers are
increasingly interested in the role of content
knowledge in fostering teaching for under-
standing (Mosenthal & Ball, 1992; Shul-
man, 1987). The case studies here suggest
that the teachers’ content knowledge clearly
played a role in their enactment of project-
based science.

Enactment

The teachers faced common problems in
enacting both projects. One such problem
was time (Wilson, Miller, & Yerkes, 1993):
How could they get through the curriculum
and adhere to the deadlines? There never
seemed to be enough time to do each ac-
tivity well, and the teachers often had to
end an activity with no follow-up. Some
teachers did have the flexibility of double
periods or teaching the same class a differ-
ent subject so that they could use the extra
period to work on the project. But they still
worried about time. When class schedules
were not flexible, all four teachers encoun-
tered occasions when they could not con-
tinue an activity and could not leave ma-
terials out because other classes used the
room.

The second problem that the teachers
faced concerned incorporating their project-
based science work into the district’s cur-
riculum guidelines. Some worked in dis-
tricts where administrators, other teachers,
and parents expected all teachers to follow
the guidelines closely. Such situations ex-
acerbated the dilemma between content
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coverage and student freedom to explore
ideas. The dilemma was also heightened by
the fact that we began with published cur-
ricula as a common starting point for teach-
ers. If prepared materials are to be used, it
is important that they articulate well with
the district curriculum framework.

A third problem all teachers faced was
the need to maintain order. There are three
issues to be considered when teachers focus
on maintaining order. The first is the ubiq-
uitous need to maintain social order so that
the classroom does not degenerate into
chaos. Of course, although order is a nec-
essary condition for social discourse, it is
not a sufficient condition for learning. This
leads to the second control issue, which is
that teachers try to maintain order so that
all learners are engaged in similar classroom
tasks. This issue is more directly related to
learning outcomes than the first, but it is
based on a conception of teaching and
learning that presumes that students’ cog-
nitive processes in classroom learning can
be known and guided or controlled (Winne,
1985). This teaching practice is more akin
to behavioral or information-processing
theories of learning—which suggest that
learning is hierarchical and that students
need to learn facts before concepts and con-
cepts before problem solving—than to so-
cial-constructivist theories.

The belief that order needs to be main-
tained to control students’ cognition is not
far from the belief that cognition needs to
be supported as students develop compe-
tence at new learning. This belief is related
to the constructivist concept of scaffolding
instruction, where teachers initially main-
tain tight control as they model processes
and coach students through complex intel-
lectual tasks before granting responsibility
to students. In fact, these teachers were
often unwilling to let go. They voiced con-
cern about students’ inability to handle re-
sponsibility, their lack of awareness of their
learning problems, and the need to direct
their learning.
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However, the teachers sometimes con-
tributed to the situation they feared. That
is, in their desire to foster ownership and
collaboration, they often gave students too
much responsibility. As a result, when
granted autonomy, students were often in-
effective; they failed to collaborate effec-
tively, did not discuss the meaning of ideas,
and did not stay focused on the driving
question. Unfortunately, this reaffirmed the
teachers’ beliefs that the students could not
profit from this independence. The teachers
were unaware of the amount of time it takes
to create a community of learners and aban-
doned their efforts prematurely.

Another issue concerns the teachers
themselves and relates to their personal
need to have the classroom under their di-
rection. The range of motivations for this
behavior may be considerable, from power
and authority issues to vulnerabilities due
to lacunae in the teachers’ backgrounds. For
example, Clark and Peterson (1986) found
that some teachers persist in unproductive
approaches to teaching, even in the face of
evidence that the approaches are unsuc-
cessful, merely because they have no
knowledge of alternative approaches. Our
model of teacher learning is based on our
belief that, given appropriate learning set-
tings and support, teachers can develop
new views of teaching and learning and
persist at making changes in the face of dif-
ficulties.

Finally, the teachers found that attempt-
ing to enact one feature of project-based sci-
ence inevitably involved problems with
other features. For example, some teachers
tried to focus on collaboration or investi-
gation but found that they had difficulty
maintaining their own and students’ atten-
tion to the driving question. Or some fo-
cused on using technology for instruction
but were unable to foster students’ use of
technology to create artifacts.

Change

Our ultimate goal was for teachers to
emerge from their collaborative work with

MAY 1994



knowledge about how project-based sci-
ence classrooms look and work. To do this,
teachers needed to have conceptions of the
features of project-based science and strat-
egies for their enactment. The teachers ap-
proached the year’s work with similar con-
cerns: a desire for their students’ motivation
and learning and an interest in enhancing
their own competence. Each teacher’s per-
sistence was sustained by a combination of
factors: the challenge of enacting the fea-
tures, the nurturing work sessions, and the
increasing sense of efficacy associated with
students’ growth.

Collaboration among teachers played a
critical role. The teachers first used collab-
orative activities to acquire information
about project-based science, to learn how
to use the technology, and to explore the
content of the two projects. Once teachers
trusted one another and had some experi-
ence enacting projects, they began to dis-
cuss their work. These discussions validated
each teacher’s experiences, vividly por-
trayed the possibilities and difficulties of
project-based science, and encouraged the
teachers to experiment and tailor the proj-
ects to their own contexts.

Summary

We began this work with a set of premises
about how students and teachers learn. To
be faithful to these premises, we employed
the idea of a range of congruent practices.
That is, we felt then, as we still do, that
teachers’ learning is best facilitated by en-
couraging and supporting teachers to reflect
on their practices and to attempt to change
through enactment and collaboration. We
presented our conception of project-based
science as a way to think about innovative
instruction. We did not, however, present
this innovation as a method; rather, it was
based on a set of concepts with possible
means of enactment. What we predicted
would be critical, and what proved to be
critical, was that the potential of project-
based science could be realized only
through teachers’ enactment of science

-
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projects. Their understanding took the form
of practical, not theoretical or propositional,
knowledge.

Note

The work described in this article is partially
funded by National Science Foundation grant
TPE-9153759 and the University of Michigan.
All views are solely our responsibility. A version
of this article was presented at the 1993 annual
meeting of the American Educational Research
Association, Atlanta, April 1993. The names of
authors Blunk, Crawford, Kelly, and Meyer are
ordered alphabetically.
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